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(54) ND-FE-CO-B TYPE SINTERED MAGNET 

(5 7) Abstract: 

PURPOSE: To obtain a Nd-Fe-Co-B type sintered magnet 
excellent in corrosion resistance and heat resistance. 
CONSTITUTION: A Nd-Fe-Co-B type sintered magnet which 



comprises 28 to 32wt.% of R (where R is at least one selected from 
Y and rare earth elements, and 3.0 to 8.0wt.% of R is Dy and the 
remainder of R is one or two of Nd and Pr, Nd being contained in R 
by 50 at% or more), 0.1 to 1.0wt.% of Al, 0.5 to 2.0wt.% of B, 0.1 to 
2.0wt.% of Nb, and unavoidable impurities, with the remainder being 
composed of a composition mainly consisting of Fe. In addition, 
having a coercive force iHc of 20kOe or greater and a maximum 
magnetic energy product (BH) max of 30MGOe or greater, it is 
excellent in corrosion resistance and heat resistance. 
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(57) [Mft] 

[tftJEft] 2 8 — 3 2 wt%CQR (jH U RteY&tfftr 

3. 0 — 8. Owt%^Dy, NdXIiPrW 
lSXtt2tt"C*>9, N d SrROrtd 5 0 a t %J£A±£ 
$tf) , 5. Owt%J^T^Co (III, Col^ft 
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comm. aw^»«^«*s:S#L, 

Fe^b^OM^ iHc^2 0kOe^±, S*:fi^C 
x^/P^-« (BH) ma x^3 OMGO e t*_hT*&6 
It«^«nfcN d - F e - C o - BS!«*S« 
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[IH^fl] 2 8-3 2 wt%WR (ill, R&YR 

f*K 3. 0 — 8. 0wt%^Dy, NdXteP 
r 00 l*l3m2|lT*&<9, N d &R<r>fa\Z 5 0 a t %J£I 
_h£"^tr) , 5. Owt°«TWCo (111, Co li& 
Tla'fr) ,0. 1 — 1. 0wt%cOAl, 0. 5 — 2. 
Owt%cOB, 0. 1—2. Owt°/o(7)Nb, 0. 0 5 
— 1. Owt%<DGa, 1 0 0 0 p pm— 6 0 0 0 p p 

m(oii, ^(;^pj»»^twi, «a* s ±i:L 

^ju^yu^— m (BH) ma x^3 OMGOeJ^it'fc 
SiSMfett, It^t4tCin/c N d - F e - C o - B SiS 

[»*JS2] Ga^Wi^O. 0 5-0. 8 w t %T' 
#>5fS#JS 1 fEttCON d~Fe - Co-Bll» 

[1***13] GatWO. 1-0. 6wt%"Cfe 
SW*iI11B*ON d - F e - Co-BISSK 

If&3fcJg4 ] G a $*fi#0 . 1—0. 4 w t %T**> 
3f»#JS 1 lB«ctf>N d-Fe-Co - Blffigfll^o 

[|f*ll5] R<D?*>3. 0 — 5. 0wt°/o^Dyf 
£>9, ar^BI*^*^^* (BH) max^3 5MG 
O e JL^±T*fo-5fi*lI 1 — fS^3S4<Ol>"ftb^i-ta«cCO 
Nd-Fe-Co-B attt&tt^T. 

[1***16] RCD?^5. 0 — 8. 0wt%dSDy"C 
* 9 , i H c & 2 5 k O e $k±.X*th £ff * r I 1 - 

tf**l4 m^^^lCfSScCON d-Fe-Co - B*&$£ 

»«*» 

ia*«7] ftmm&mth it 

iHc^20kOe, (BH) m a x ^ 3 0MGO e 
T*£>9, 2 3 < C^12 0lCW«9I*SeBr, 
f) i Hc^^(7)ra^ta, 0# 
-0. 12^a^-0. 0 8 %/°C 
-0. 65^]3<-0. 4 0%/t 
-?*>£>»**! 1 tfi^c^N d - F e - C o - BS!«B*£fl£ 

[1***18] ^tS(CN i ^^*16 Lyt»**l-» 
5ftJg7(^V>-ftt*^|E<6^Nd - F e-Co-BliS 

[0 0 0 1 ] 

[iK*_h<z>*iJ/fl-»»] (Nd) . & 

( Fe ) x =ry</Uh (Co) &U<*^lff (B) 
f^Nd-Fe-C a-Bmi&1&frlKm*l£K1rZ>b<n 

xp>z> 0 

[0 0 0 2] 

[tS*<Ott«] Nd-Fe-Bil8iWNd-F 
e -C o - Bffl«*8flM5li, SmC o sMffi*S«&27«;i/> 
(±Sm 2 C oi?S^^^<t Jt«LTi«l^-*/^^r--« 



(2) ffl¥6 - 1 0 4 1 0 8 

2 

(BH) ma x^tt6Wt\ <Pffl&U:teffl 
J;9(-^otV^5 0 L/j^L^^ibs Nd-Fe-Bl| 
81^(/Nd-F e-Co-BlS8WH rixb 
S m - C o SittlSl&ElClfctll LTj»Sc^«EJC*6 OT\ 

6 4 - 7 5 0 3 *Sc3ttt<Z>A#<C* 
M&^t It-jft^ : 
R ( F e l-x-y-z C ox By G a z) A 

MfiU Rii#±a5c**»e>«fitt^>tt< th lit 
70 &>9. O^x^O. 7, 0. 0 2 S y ^ 0 . 3 , 0. 0 
0 1 ^ z S 0 . 15, 4. 0 S A ^ 7 . 5T**)6 0 ) . 

R (F e i-x-y-z C ox By G a zMu) A 

(liu Rfi#-±«7c^^^iM^ny k c>ne< £ b lit- 

MliNb, W, V, TaMMo^tltfnfcl 
a*fcH2a^±<05c^T-*>«9, O^x^O. 7, 0. 
0 2 S y ^ 0 . 3, 0. OOl^z^O. 15, u £ 
0. 1, 4. 0^A<7. 5tfc6o ) fdcfc 

20 [0 0 0 3] 

He, ji^yu^ — « (BH) ma x^rtial^fcNd- 
F e - C o -Bfi**-tt«63BWE^«:ScSWJ-^iBLJ: 9 

S<5#, WUdlMfett, i«Cltl/:Nd-Fe-Co 
30 o, Dy, Nb%&%}\Z.mm-fZ>^tlZ.£oXm'k&%: 

IKIift, Dyi, Gai^Wtt5:^:J; 

KiR&^rPS^-rsr <h l-«t 9 f£f&^ i H c < , tf> 

Oi*/U^- fll (BH) max (D~j\^ V ^ N d - F e -C 

0 - B SttSSflH? S: tcftflti" a <0 T? & 5 o 
[0 0 0 4] 

fcfctf^S:] **W±, 2 8-3 2 w 

ft< t h 1 f&Xfr*) , RCD|*U 3. 0 — 8. 0wt%;!n 
40 Dy, NdX«Pr(DliXI±2lt*fc^ N 

d^RO^Il50a t%JL^±^^tr) % 5. 0 w t %CO 

w^co (mu cofi^-r^tf) , o. i — i. o 

w t %<D A 1 , 0 . 5 — 2 . 0 w t %(D B , 0 . 1 — 
2. 0wt%GONb, 0. 0 5 — 1. 0wt%tf>Ga. 

1 0 0 0 p p m- 6 0 0 0 p p m»Sl|, ^.t/^F^^ 
^^^tl, aiHS^^t ITF e i 
H c ^ 2 0 k O e **K«^*^=^— « ( B H) 
ma x^3 0MGOeW±ffc6B4tt, SMftttKfctl 
f:Nd-Fe-Co-Billil^5o *56W<0^< 

50 ^^r^mfj»Sc<7)pg^3ii(*ico^T, ^xTmuwzmm-t 
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[0 0 0 5] &&WlCjS\,*XRl*2 8-3 2 wt %C0J6 

^3 2wt%^Ti: / M^I5^ (BH) max, *3,fctf 
ItAf4^fa±l£W3b"0#>5 o L^U 2 8 w t %mffiT* 
l±>fy=fy h + tCa-F ei^3ii£L^< ft9 (BH) m 
a x CO*t^c(±S«^L{C< l\ J;oTRi(j;2 8-3 2w 

rt, 50a t%^_hWNd^t ; fi't6'b^<!:t6 0 
[^(:ii3. 0-8. 0wt%ODy^$tt5^ 8« 
(*N d^XtiNd t P r t<Di%&X*&>Z> 0 P r 
^ i H c <7)fa±f::<$Jf^£>3 0 
[0 0 0 6] D y £R>&#£ Lt^^tSC <tlC<fco 

r, #a.j;-jSTcds±#i-5t^4>Jc:**tt«» (h 

a) *Si«*LTift«* i Hc^lU BlftttS:*L< 

^^gW-^T, D y co^Wffi/^ 3 . 0wt%J:9'>ft 

fftfiitJ&^ftft^ Lrt>U 8. 0wt%J:nttt 

(BH) ma x<OfiTI-J:6*«#ttW^{k^*Ll\ 
Lfc/^oT, DyCO$WSfi3. 0 — 8. 0wt%tt 
6 3 Dyri*5. 0wt%J;H^i^^,» 
Jfi«\KB r&t)«ft^:^^/U=¥-a (BH) ma x CD{ST 
li&S fctf>cQ, 25kOeW±W»I^iHcW: 
J: or J: 9*««*Wtt«r»J; 3 6i§ 
^ClIiD yCO^ftSrS. 0-8. 0wt%tf5 o 3? 
l£*#*«H«***B r »t)f**i*/^-a ( B 
H) ma x$rfJ:n«i^liDy^tM3. 
0 — 5 . 0wt%t -rttfi* J: 1/ \ 

[0 0 0 7] *»Wl£*5^TC of± % SEBttX«ffB r 

i"S £ <t t>lciMt=i— T-^f ym6N i ^ * 

5 0 £fc, (Nd2Fe14B) ^<7}Fe ^CoCl 

^ i H c &t>*fc ^t 1 y i/^jj — zf<oftM&tfi&T-fZ>o 
Lfc^oTCoSttH5. 0wt%^Ttt5 o 
[0 0 0 8] *»WlCi3PtAllt Co^D«^ 
ffl«F<otaft*#Sr««i-r-6S!i*36S*>S 0 Co 

^^^t£co&»jtfs*:#i\, ^rCKififitfJA l SrlRJP't- 

J; 2 tC/j;6 0 A 1 O^tt^ 0 . lwt%*SS"Cfi 

Jiffioo#j^i±^+#T*#>s 0 — i. owt%m 

«S^?BffiB r <7>ffiT^gS*(C/j:^ 0 lloTA 
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1 O-a^ftteO . 1 — 1. 0wt%£-f6 o Bfi, 0. 

5 w t %&ffi<Dm&ia*mi&mt}j>mbti-r , 

2. 0wt%^5t BtdStr#lKttffi#jfflpU 
^iiM'gBr^iTt6 0 Z<Dtlfi>, 0. 5-2. 
0wt%it5o ifiL^BO$Sil±0. 8—1. 2 
w t %T'fo6o 

[0 0 0 9] Gad, ftBOtXeKB r £9h£1&TZlt 
-f, *«* i HcSr|6]±-r-6S»** s *6. GaMW 
0. 0 5 w t %**^>»^tt<ft«* i H c £l*l±-f£$J 
70 IWT^^o GatWl. 0wt%^r^^6 

*S»P>ix4V\ iot, Ga^WSfiO. 0 5-1. 0 

wt%tt5, g a ^^s^s^v^a^w t y 

fc^lCtffiL^Ga^ttHO. 0 5 — 0. 8wt 
%-C&>5 0 £ 9 Ll/^G a (O^^mnO . 1—0. 6 
wt%t'$)6o IC^KliO. 1-0. 4wt%T* 

[0 0 10] ±IEric»<Dfi!lJC0. 
20 1-2. 0wt%(7)Nb^ft5 o N b tefiy£n#fCi& 
5 r t Sr»*J-t-S3»*^«> 5. r waft* 
tcj: «9 , Qkmt) i H c ri*faJiU t^Tll^*-^ 

«ttWft#/jiN d - F e - C o - BSl«tt«*ttflHxfc 

#a*fly!ni*"C*>5 0 N b cotfi^ 0 . l w t 

Nb^Wi^2. 0wt°/o^ix.§i^l:ii Nbt 

OtXttSB rRTf*~ jftT c^fKiTU^ L 
<ftl\ cfcoT, Nb^ttllO. 1 — 2. 0wt% 
i:i-5o L< fi, 0. 1 — 1. 0wt%T'fcS o 
[0011] ti^Wtfi, 1 0 0 0 p p m- 6 0 0 0 
p p m^tSo Se*^s 1 0 0 0 p pmJ:?)W^l: 

eoooppmi^t^uiii 

*o [0012] *fg^coffi*s^tt, &^d; 9 (atlit 

»t5^il^J;l?«[S500/i mgg wftt»«:# 5o ^ 
#L¥W#3. 0 — 6. 0^m(F. S. S. S. ) 

(DUffizn&o &^rw«»SrBE|p|«»i 5 kOe, fi3c 

ff2J£^ 1 . 5 t o n/c m 2 (0»Tt'Wy^^f$ 

iooo-i 15 oicojfla<fiH-"c«ia*+ 5c 
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(4) 

5 

% 0 «tt«<oftaiafl[ii*ji*»a<o««* \ h c 

»»*r*x.*^ x - ft^"^ 8 0 0- 1 OOOWflSi: 

ti-6o WM^ S 8 0 Ot*i*fc«l 0 0 OtSrS 

-co. 3 — 5 o 0 c/ / A<o$*n&&-cm.uft*'^6 o ox: 
<7>fa«*-c»ai"rso ft»as* s 5 o < c/»sr«x.s» 

fft«**s»6>tt*v^ 0 o. 3r/#*«^Jftai» 
*L<»i, o. 6~2. o , c/»w»aijsa3ftSiBtfn 

c Sr«ttJci-rixtf 6 o 0X:i£X*b U ^i&SfilTttft. 
ftLtbJ:v\ »*U<tt, #ia-4 0 0W}Wtt? 

^aii"5 0 MI(iJ!l:5 0 0-6 5 Ot<7«T'0. 
2-3WMHfT9o :W*2*«Maltt5. *£f£l-£ 

o-C*46* s , ^L<li5 4 0~6 4 0tW»l 
5 o°CJ: y> liM^r#bKtt)T^®I 
0. 3-4 0 Ot/^ilfi^t5o ^idfiTK 

»j6$»P>tt*^o 0. 3°C/^^^^, 

iflS-Cffi:^^ i H c (C£?£L< 
[0013] 

1 ) &JRN d , MD y , F e . C o , f e r 30 
ro-B, ferro-Nb, £J1G a ^fiff^fiiW 
fib, I^IMiLtlilOkg^y^yh^ 

T'JLUTcoJ: otemi$LX-1bitz 0 N d 27. 5-Dy3. 

6-B1.03-N b0.58-G a 0. 18-C o2.02-A 1 0.35 
-Febal. (wt%) 

W^rfflv^ffitt^^^H^^T^ftt&^^T^^S 0 0m 
mBTwft«^ft»S:»t. IWi»triaii:< h 

tz 0 :(D»WWi4. Ojum (F. S. S. 

S. ) t'fe^ MiiM5 5 0 0 ppmT'fcot 

3 0 X 2 0 X 1 50««:^»tt. ^ 
KWI-S^^>*#"C 1 0 8 0°CX 3 h r(^ife'^TV\ 
»bJxfc«tt*K9 O 0 C CX 2 h r 0>m 1 fcHM&Jl, ft 
^ t 5 3 0 °C x 2 h r (Oi 2 «i L t a ^btt 

4 8 0 0 p p m-Cifcofco ^ OK3RO«a««»tt*»l 51 



^i^6 - 1 0 4 1 0 8 

6 

B r = 1 2 . 6 k G 

b H c = 1 1 . 6kOe 

i H c = 2 1 . 8kOe 

(BH) ma x = 3 5. 6MGO e 
Hd^a. [) -fiT c t It 3 4 0°C, 2 3°C7^<b 12 0 
1C<OBrtiHcWltt«»a, ^tt^-0. 1 

0,-0. 5 2%/°C0m*nfco £tcs<-^T^*i& 
|Pc = l. 0, 2. OJF^^r LfcK;»a> 1 0 OtW 
5F^Ii8«S£*ti#^ 2. l, l. i%t?*>0«tlfciHf» 

[0 0 14] **ftfl=Sr*^."C, 

jffiEfc : Nd25.5-Dy6.4-Bl.04-NbO.55-G 
aO. 22- C o2.00-A 1 0. 36- F ebal. (w t %) 
ffilfe : 1 1 0 0 °C X 2 h r 
Sl&SMQsS : 9 0 0tx2hr 
SB2&8M&3 : 5 3 0tx2hr 
1$Um%¥fte : Br = 1 1 . 4 k G 

bHc = ll.OkOe 

iHc = 2 7. 8 k O e 
(BH) ma x = 3 1. 3MGO e 

^^i)—^ : Tc = 3 4 0°C 
3F^TiK*«* [at 1 0 0°C] : Pc = 

1.0 -» 1.8% 

Pc = 2.0 -> 0.8% 

Briltfft (a) , iHcfiSSR ( 0 ) [ 2 3 °C 
-12 Or] : a- -0. 0 9%/°C 

a = -o.5i %/°c 

ttJS#**»** : 5 8 0 0 p p m 

[0 0 15] (iS0H3) (N d 7 0 w t 

%- P r 3 0 w t %) Srffiffl U UMitf'J i > 2 t IWHSU: 

: Nd18.9-P r5.1-Dy7.3-Bl.10-Nb 
0. 71 -G aO. 37- C o4. 72- A 10. 33- F ebal. (w t 

%) 

: 1 0 8 0°CX 2 h r 
SSl&SSM&a : 9 0 0°CX2hr 
*2ftJft*0iS : 5 2 0tX2hr 
SM«^«M«I: : Br = 11. 5 k G 

bHc = 10. 9 k O e 

iHc = 30. OkOe 

(BH) ma x = 3 1. 2MGO e 
^ a iJ — : T c = 3 7 5°C 
^"Tiffl#l&* [at 10 0°C] : Pc = 

1.0 -* 1.4% 

Pc = 2,0 -> 0.5% 

B r fflftffift ( a ) , iHc rRJ^^^C ( /3 ) [ 2 3 °C 
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(5) 

7 

-1 2 0t] : a= -0. 09 %/°C 
0 = - 0 . 4 8 %/°C 
*£^{$^g£§if ft : 5 4 0 0 p p m 

[001 6 ] (mifoW4) #JSN d , MDy , F e , 
Co, ferro-B, f e r r o — Nb, ^J3I G a £ 
HTr^^mft#ftL, ^tL^^^?^LT®S# 1 0kg 

N da-D y b - B1. 05-N bO. 58- G a 0. 20 
-C oO. 20- A 1 0. 33 - F ebal. 
(a+b = TRE, b = 3. 7) (w t %) 

&mzm^^m&tf ^mn^xoyum^n^^ 5 0 0 

t#fc 0 ^^^fi^*i^3. 7 M m (F. S. S. 

S . ) Xtb <9 , ^^mmA^ 1 500 — 5 0 0 0 p p m 20 

T*$botz 0 ^cy&ffi&EZfamm&fM 1 5 k o e , 

5 t o n/c m 2 0^{1:TT«^7V^ 
/&ff2U 3 0 X 2 0 X 1 5<7)J#^t££; «Lt r.G0 
^^{^^H^IClK^O^ft-r' 1070°CX2hr on% 
^^T.tTV^ #btL/c^^(C9 0 0tX2h r^fl^ 
SM&JI, *V^5 4 0'CX2hr 2 &#fctoJl3rtt L 
fc 0 »fe*Lfc*3Bff^*att7. 55-7. 58g/c 
c, ItMiiill 1 0 0 0-4 0 0 0 p p mtfco 

/l-^r-« (BH) maxMl«MifWJ;9(cM JO 

Ili^MSl2 0t, MS 9 0%, mJEl. Oat 
m^SSft*^ l 0 0B#RSJ*BLAi<l:#tc#^ix^t>^T' 

CioT (BH) ma x Z> Z ktfXt Ztf, 2 

8 w t%mWlk~tZ>k'0=fv h^lCa-F e«^t 
«<ft9 (BH) ma x <Z>lf*lifflf* UC < l\ Jffift» 
fcfc^tt «9 T REi^M <t6w<l:(cJ:o r«'> 3 -fr 
6ci^T#-5 0 r^tfi, TRESr'>ft<mti:J: 

otlt IW^Nd-r i c htiW>t5ft*Cife 40 
6 0 L7)^L^^^ % TREM2 8-3 2wt%H^ 
{£iMtt£ ltt^iif^6 0 0 0 p pmS:jHx.TU 
tLo t \*mtl i H c (DM'Jr&m U < 5 tz , g£^ffifi 
1000 — 6 0 0 0 p p m <b-T-5 a d] 2 jeflEttflfc&'t'a) 

[001 7 ] (Hfiti#ij5) d N &mr> y N F e , 

Co, ferro — B, f e r r o — Nb, G a 2r * 

(Nd + Pr) 28. 1-D y 3.6- B 
-C o2. 05- A 1 0.35-1 



%fffl¥-6 - 1 0 4 1 0 8 

8 

mfcommwmL, r*L*X£««urM# 1 o k g 

Nd30. 5-a-D ya-BL03-N bO. 59- G ab 
-C o2. 10— A 1 0.34-F ebal. 

(2.8^a^8.5, 0^b^1. 2) (wt%) 
&*<n-<^=ry h&^v^— r*?»LfcSL £«bteffi*& 
^*fflV^fStt^^#H«*r^a»»Srm^5 0 0 

:<o»»ii¥«S83. 8 M m (F. s. s. 
S. ) X&>K>, ^ili(i5 5 00-6 4 00 ppm 
r*fcofc 0 iSfcte, r^^^IBf^a^^JK 1 5 k O e , 
f$Ml£t) 1 . 5 t o n/cm 2 ^K»/^ 
f*fl£U 3 0 X 2 0 X 1 5(Df&jtm% fflLt rco 
fiR^*li^S^(-S^CO^r ll00°CX2hr CO^ 
tt«rf?V\ i6tLf:i»9 0 0tx2hr(/)il^ 
Stf&Jl, *l/^5 8 0t:x2h rCOf 2^MI^1L 
fc. »e>iX*l«liSie<*0«fttt7. 5 5-7. 59g/c 
c, *^t»*Slt5 0 0 0 — 5 9 0 0 p pmT'&o 

3, HI4^:t/lll5(c^i-J: 5**S*«r»fc 0 l3(j:Dy 
-5. 0 w t % i: Ltite Lt^t'fo a ttl 
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(57)Abstract: 

PURPOSE: To obtain a Nd-Fe-Co-B type sintered magnet excellent in corrosion 
resistance and heat resistance. 

CONSTITUTION: A Nd-Fe-Co-B type sintered magnet which comprises 28 to 
32wt.% of R (where R is at least one selected from Y and rare earth elements, 



and 3.0 to 8.0wt.% of R is Dy and the remainder of R is one or two of Nd and Pr, 
Nd being contained in R by 50 at% or more), 0.1 to 1.0wt.% of Al, 0.5 to 2.0wt.% 
of B, 0.1 to 2.0wt.% of Nb, and unavoidable impurities, with the remainder being 
composed of a composition mainly consisting of Fe. In addition, having a 
coercive force iHc of 20kOe or greater and a maximum magnetic energy product 
(BH) max of 30MGOe or greater, it is excellent in corrosion resistance and heat 
resistance. 
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2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] 28 - 32wt% R (however, R is at least one sort chosen from Y and rare 
earth elements 3.0 - 8.0wt% among R Dy and the remainder) Are one sort of Nd 
or Pr, or two sorts, and more than 50at% is included for Nd in the inside of R. Co 
not more than 5.0wt% (however, Co is surely included), 0.1 - 1 .0wt% aluminum, 
A 0.5 - 2.0wt% B, a 0.1 - 2.0wt% Nb, 0.05 - 1.0wt% Ga, The Nd-Fe-Co-B mold 
sintered magnet which contained 1000 ppm - 6000 ppm oxygen and an 
unescapable impurity, and the remainder mainly consisted of Fe, and was 
excellent in the corrosion resistance whose coercive force iHc is 20 or more 
kOes, and whose maximum magnetic energy (product BH) max is 30 or more 
MGOes, and thermal resistance. 

[Claim 2] The Nd-Fe-Co-B mold sintered magnet according to claim 1 whose Ga 
content is 0.05 - 0.8wt%. 

[Claim 3] The Nd-Fe-Co-B mold sintered magnet according to claim 1 whose Ga 
content is 0.1 - 0.6wt%. 

[Claim 4] The Nd-Fe-Co-B mold sintered magnet according to claim 1 whose Ga 
content is 0.1 - 0.4wt%. 

[Claim 5] The Nd-Fe-Co-B mold sintered magnet according to claim 1 to 4 whose 
3.0 - 5.0wt% is Dy among R and whose maximum magnetic energy (product BH) 
max is 35 or more MGOes. 

[Claim 6] The Nd-Fe-Co-B mold sintered magnet according to claim 1 to 4 whose 



5.0 - 8.0wt% is Dy among R and whose coercive force iHc is 25 or more kOes. 
[Claim 7] as ordinary temperature magnetic properties - iHc>=20kOe and (BH) 
max>=30MGOe - it is - the residual magnetic flux density Br of 23 to 120 
degrees C, and coercive force iHc - the Nd-Fe-Co-B mold sintered magnet 
according to claim 1 each temperature coefficients alpha and beta of whose are - 
0.12 <=alpha<=-0.08%/degree-C-0.65 <=beta<=-0.40%/degrees C. 
[Claim 8] The Nd-Fe-Co-B mold sintered magnet according to claim 1 to 7 which 
performed nickel plating to the front face. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the Nd-Fe-Co-B mold sintering 
permanent magnet which has the especially excellent corrosion resistance and 
thermal resistance about the permanent magnet which uses neodymium (Nd), 
iron (Fe), cobalt (Co), and boron (B) as a principal component. 
[0002] 

[Description of the Prior Art] Since a Nd-Fe-B mold sintered magnet and a Nd- 



Fe-Co-B mold sintered magnet have high energy product (BH) max as compared 
with a SmCo5 mold sintered magnet or an Sm2Co17 mold sintered magnet, they 
are used for various applications. However, since a Nd-Fe-B mold sintered 
magnet and a Nd-Fe-Co-B mold sintered magnet are inferior to thermal stability 
as compared with these Sm-Co mold sintered magnet, and the thermal stability is 
increased, various attempts are proposed. In JP,64-7503,A, as a good 
permanent magnet of thermal stability, general formula:R(Fe1-x-y-zCoxByGaz) A 
(However, R is at least one sort chosen from rare earth elements, and is 
0<= x <=0.7, 0.02<=y<=0.3, 0.001<=z<=0.15, and 4.0<=A<=7.5.) And R(Fe1-x-y- 
zCoxByGazMu) A (However, R is at least one sort chosen from rare earth 
elements, and M is one sort or two sorts or more of elements chosen from Nb, W, 
V, Ta, and Mo, and is 0<=x<=0.7, 0.02<=y<=0.3, 0.001<=z<=0.15, u<=0.1, and 
4.0<=A<=7.5.) What is expressed is indicated. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when it was going to 
produce stably the Nd-Fe-Co-B mold anisotropy sintered magnet which has high 
corrosion resistance and a high heatproof property, and has the coercive force 
iHc of a high level, and energy product (BH) max in coincidence, it turned out 
exceeding said well-known technique that it limits [ the limitation of the 
component presentation range based on still more detailed research and 
examination, / of an oxide ]. Especially this invention offers the Nd-Fe-Co-B mold 
sintered magnet excellent in corrosion resistance and thermal resistance based 
on such knowledge. When this invention uses Co, Dy, and Nb effectively, 
coercive force iHc offers stably the large Nd-Fe-Co-B mold sintered magnet of 
energy product (BH) max greatly by raising corrosion resistance remarkably, 
giving high thermal resistance by making the amount of D(ies), and the amount 
of Ga(s) into the specific range, and lowering the amount of rare earth R to 
coincidence, and limiting the amount of oxygen. 
[0004] 

[Means for Solving the Problem] This invention is 28 - 32wt% R (however, R is at 



least one sort chosen from Y and rare earth elements 3.0 - 8.0wt% among R Dy 
and the remainder). Are one sort of Nd or Pr, or two sorts, and more than 50at% 
is included for Nd in the inside of R. A 5.0wt(s)% following Co (however, Co is 
surely included), 0.1 - 1.0wt% aluminum, A 0.5 - 2.0wt% B, a 0.1 - 2.0wt% Nb, 
0.05 - 1 .0wt% Ga, It is the Nd-Fe-Co-B mold sintered magnet which contained 
1000 ppm - 6000 ppm oxygen and an unescapable impurity, and the remainder 
mainly consisted of Fe, and was excellent in the corrosion resistance whose 
coercive force iHc is 20 or more kOes, and whose maximum magnetic energy 
(product BH) max is 30 or more MGOes, and thermal resistance. The reason for 
limitation of a presentation of the permanent magnet of this invention is explained 
to a detail below. 

[0005] In this invention, R is contained in 28 - 32wt%. It is so effective in (BH) 
max and corrosion resistance improvement that there are few amounts of R as 
less than [ 32wt% ] as shown in the below-mentioned example 4. However, less 
than [ 28wt% ], it becomes easy to generate alpha-Fe in an ingot, and is hard to 
expect increase of (BH) max. Therefore, the amount of R is made into 28 - 
32wt%. R shall contain Nd beyond 50at% among R components, in order to 
make Nd into a subject. Although 3.0 - 8.0wt% Dy is contained in the inside of R, 
the remainder is mixing with a Nd independent, or Nd and Pr. Pr has 
effectiveness in improvement in coercive force iHc. 

[0006] By making Dy contain as an R component, while Curie point Tc goes up, 
an anisotropy magnetic field (HA) increases, coercive force iHc improves, and 
thermal resistance is raised remarkably. Moreover, Dy has effectiveness also in 
corrosion-resistant improvement. In this invention, if there are few contents of Dy 
than 3.0wt(s)%, the purpose of this invention of raising thermal stability and 
corrosion resistance will not be attained. However, when a content increases 
more than 8.0wt%, degradation of a residual magnetic flux density Br and the 
magnetic properties by the fall of maximum energy product (BH) max is 
remarkable. Therefore, the content of Dy is made into 3.0 - 8.0wt%. If a content 
has more Dy than 5.0wt(s)%, the fall of a residual magnetic flux density Br and 



maximum energy product (BH) max can acquire the coercive force iHc of 25 or 
more kOes of a certain thing. Therefore, the content of Dy is made into 5.0 - 
8.0wt% when it is going to acquire a high coercive force property more. 
Conversely, what is necessary is just to make the content of Dy into 3.0 - 5.0wt%, 
when it is going to obtain a big residual magnetic flux density Br and big 
maximum energy product (BH) max. 

[0007] While improving own corrosion resistance of a magnet alloy, without Co 
almost reducing a residual magnetic flux density Br in this invention, it is effective 
in raising corrosion resistance by improving the adhesion of nickel plating which 
is corrosion protection coating. Moreover, Fe in the main phase (Nd2Fe14B) It is 
effective in raising curie point Tc by permuting by Co. However, if the amount of 
permutations of Co is made [ many ], the big and rough crystal grain which 
considers abnormality grain growth at the time of sintering as a cause will be 
generated, and coercive force iHc and the square shape nature of a hysteresis 
curve will fall. Therefore, Co content is made into less than [ 5.0wt% ]. 
[0008] In this invention, aluminum has the effectiveness which eases the 
temperature conditions at the time of heat treatment of Co add-in material. That 
is, when Co is contained, the fluctuation of magnetic properties or thermal 
stability of an ingredient is large to fluctuation of heat treatment temperature. 
Even if it changes heat treatment conditions somewhat, magnetic properties and 
thermal stability stop changing, if aluminum of optimum dose is added there. The 
production control of a permanent magnet becomes easy by this, and the 
permanent magnet by which quality was stabilized can be efficiently produced 
now. As for the above-mentioned effectiveness, less than [ 0.1 wt% ] is [ the 
content of aluminum ] inadequate. On the other hand, if 1.0wt% is exceeded, the 
fall of a residual magnetic flux density Br will become remarkable. Therefore, the 
content of aluminum is made into 0.1 - 1.0wt%. If B exceeds 2.0wt% on the other 
hand by not acquiring high coercive force in the case of below 0.5wt%, the 
nonmagnetic phase which is rich in B will increase, and a residual magnetic flux 
density Br will fall. Therefore, it may be 0.5 - 2.0wt%. The content of desirable B 



is 0.8- 1.2wt%. 

[0009] Ga does not almost reduce a residual magnetic flux density Br, and is 
effective in improving coercive force iHc. When Ga content is less than 
[ 0.05wt% ], the effectiveness of improving coercive force iHc is not enough. If Ga 
content exceeds 1 .0wt(s)%, a residual magnetic flux density Br will fall and a 
desired high energy product will not be obtained. Therefore, Ga content is made 
into 0.05 - 1.0wt%. Since the square shape nature of a magnetic hysteresis curve 
will worsen if there are many Ga contents, also in order to give high square 
shape nature, the desirable content of Ga is 0.05 - 0.8wt%. The more desirable 
content of Ga is 0.1 - 0.6wt%. Furthermore, it is 0.1 - 0.4wt% preferably. 
[0010] The permanent magnet of this invention contains 0.1 - 2.0wt% Nb other 
than the above-mentioned component. Nb has the effectiveness which controls 
that crystal grain makes it big and rough at the time of sintering. According to this 
effectiveness, coercive force iHc improves and the square shape nature of a 
hysteresis curve becomes good. Moreover, that the crystal grain of a sintered 
compact becomes detailed contributes to magnetic good magnetization nature 
greatly, and the Nd-Fe-Co-B mold sintered magnet with still better magnetization 
nature has the outstanding thermal resistance. Therefore, Nb is an effective 
additive at the magnet which has thermal resistance. When the content of Nb is 
less than [ 0.1 wt% ], the effectiveness which controls a big and rough grain is 
inadequate. On the other hand, when the content of Nb exceeds 2.0wt(s)%, 
many nonmagnetic borides of Nb or Nb-Fe occur, and it falls [ a residual 
magnetic flux density Br and Curie point Tc ] remarkably and is not desirable. 
Therefore, the content of Nb is made into 0.1 - 2.0wt%. Preferably, it is 0.1 - 
1.0wt%. 

[001 1] An oxygen content is set to 1000 ppm - 6000 ppm. When there is less 
oxygen than 1000 ppm, there is industrial production top risk that magnet powder 
and its consolidation object tend to ignite. On the other hand, in [ than 6000 
ppm ] more, oxygen reacts with a rare earth R component, a rare earth oxide is 
formed, and it becomes difficult to obtain the magnet of high coercive force and a 



high energy product. 

[0012] The sintered magnet of this invention can be manufactured as follows. 
That is, the ingot which has a fixed component presentation is manufactured by 
vacuum melting, and coarse powder with a particle size of about 500 
micrometers is obtained by next carrying out coarse grinding of this ingot. This 
coarse powder is pulverized in an inert gas ambient atmosphere using a jet mill, 
and fines with a mean particle diameter of 3.0-6.0 micrometers (F. S.S.S.) are 
obtained. Next, it is after press forming in a magnetic field, and a 1000-1 150- 
degree C temperature requirement about these fines under the conditions of 
orientation magnetic field 15kOe and compacting pressure 1.5 ton/cm2, and is 
******. **. Heat treatment after sintering can be performed as follows. The 
sintered compact which sintered and acquired the Plastic solid is once cooled to 
a room temperature. The cooling rate after sintering hardly affects the coercive 
force iHc of a final product. Subsequently, it heats in temperature of 800-1000 
degrees C, and holds for 0.2 to 5 hours. This is considered as the first heat 
treatment. When whenever [ stoving temperature ] exceeds less than 800 
degrees C or 1000 degrees C, sufficient high coercive force is not acquired. It 
cools to a room temperature thru/or the temperature of 600 degrees C after 
heating maintenance with 0.3-50-degree-C cooling rate for/. When a cooling rate 
exceeds a part for 50-degree-C/, a balanced phase required for aging is not 
obtained and sufficient high coercive force is not acquired. Moreover, by 0.3- 
degree-C/, heat treatment takes time amount to the cooling rate of the following, 
and it is not economical on industrial production. Preferably, 0.6-2.0-degree-C 
cooling rate for /is chosen. Although cooling termination temperature has a 
desirable room temperature, as long as it sacrifices coercive force iHc for some, 
it may carry out to to 600 degrees C, and below the temperature may quench. 
Preferably, it cools to ordinary temperature -400 degree C temperature. Heat 
treatment is performed at the temperature of further 500-650 degrees C for 0.2 to 
3 hours. This is considered as the second heat treatment. Although it changes 
with presentations, heat treatment at 540-640 degrees C is preferably effective. 



when heat treatment temperature is less than 500 degrees C, and when higher 
than 650 degrees C, even if high coercive force is acquired, decline in an 
irreversible demagnetizing factor cuts. After heat treatment is cooled like the first 
heat treatment with 0.3-400-degree-C cooling rate for /. Cooling can be 
performed by the argon air-current middle class underwater and among a 
silicone oil. When a cooling rate exceeds a part for 400-degree-C/, a crack goes 
into a sample by quenching and the permanent magnet ingredient which is 
industrially worthy is not obtained. Moreover, in the following, the phase which is 
not desirable appears in coercive force iHc in a cooling process by 0.3-degree-C/. 
[0013] 

[Example] Hereafter, an example explains this invention to a detail further. 
(Example 1) Predetermined carried out weight weighing capacity of Metal Nd, 
Metals Dy, Fe, and Co, ferro-B, ferro-Nb, and the metal Ga, vacuum melting of 
this was carried out, and the ingot with a weight of 10kg was produced. When 
component analysis of this ingot was performed, they were the following 
presentations in the weight ratio. Nd27.5-Dy3.6-B1.03-Nb0.58-Ga0.18-Co2.02- 
AI0.35-Febal. (wt%) 

After cracking this ingot with a hammer, coarse grinding in the inside of an inert 
gas ambient atmosphere was further performed using the coarse crusher, and 
coarse powder with a grain size of 500 micrometers or less was obtained. 
Similarly this coarse powder was pulverized in the inert gas ambient atmosphere 
using the jet mill, and fines were obtained. These fines were 4.0 micrometers (F. 
S.S.S.) in mean particle diameter, and the amount of content oxygen was 5500 
ppm. Next, press forming in a magnetic field of these fines was carried out under 
the conditions of orientation magnetic-field-strength 15kOe and compacting 
pressure 1 .5 ton/cm2, and the Plastic solid of 30x20x15 was produced. This 
Plastic solid sintered 1080 degree-Cx3hr on condition that the vacuum 
substantially, was first-heat-treated [ of 900 degree-Cx2hr ] to the obtained 
sintered compact, ranked second to it, and performed the second heat treatment 
of 530 degree-Cx2hr. 7.55g [ cc ] /and the amount of content oxygen of the 



consistency of the obtained sintered compact were 4800 ppm. The following 
values were acquired when the ordinary temperature magnetic properties of this 
sample were measured. 

Br - =12.6kGbHc=11.6kOeiHc=21.8kOe(BH) max= - each -0.10 and a - 
0.52%/degree C value were further acquired as Curie point Tc 35.6 MGOe as 
temperature coefficients alpha and beta of Br and iHc of 23 to 120 degrees C. 
[ 340 degrees C and ] Moreover, the 100-degree C irreversible demagnetizing 
factor of the sample which carried out permeance coefficient Pc=1 .0 and 2.0 
configuration has the thermal resistance which is 2.1 and 1.1% respectively, and 
was excellent. 

[0014] (Example 2) Experiment conditions were changed and the following 
experimental result was obtained like the example 1 . 

Presentation : Nd25.5-Dy6.4-B1 .04-Nb0.55-Ga0.22-Co2.00-aluminum0.36-Febal. 
(wt%) 

sintering : The 1 100 degree-Cx2hr first heat treatment : The 900 degree-Cx2hr 
second heat treatment : 530-degree-Cx2hr ordinary temperature magnetic 
properties :*Br = 11.4kGbHc = 11.0kOeiHc = 27.8kOe(BH) max = 31.3MGOe 
Curie point : Tc = 340-degree-C irreversible demagnetizing factor [at 100 degree 
C] : Pc = 1 .0 -> 1 .8%Pc = 2.0 -> 0.8%Br temperature coefficient (alpha), iHc 
temperature coefficient (beta) [23 degrees C - 120 degrees C] : alpha— 
0.09%/degree-Cbeta= The amount of -0.51% [/degree C ] sintered compact 
content oxygen : Like the 5800 ppm example 1, it excels in the elevated- 
temperature property with ordinary temperature magnetic properties, and the 
magnet excellent in thermal resistance can be obtained. 
[0015] (Example 3) Didym metal (Nd70wt%-Pr30wt%) was used and the 
following experimental result was obtained like examples 1 and 2. 
Presentation : Nd1 8.9-Pr5. 1 -Dy7.3-B1 . 1 0-NbO.71-GaO.37-Co4.72-aluminumO.33- 
Febal. (wt%) 

sintering : The 1080 degree-Cx2hr first heat treatment : The 900 degree-Cx2hr 
second heat treatment : 520-degree-Cx2hr ordinary temperature magnetic 



properties : Br = 1 1 .SkGbHc = 1 0.9kOeiHc = 30.0kOe(BH) max = 31 .2MGOe 
Curie point : Tc = 375-degree-C irreversible demagnetizing factor [at 100 degree 
C] : Pc = 1.0 -> 1 .4%Pc = 2.0 -> 0.5%Br temperature coefficient (alpha), iHc 
temperature coefficient (beta) [23 degrees C - 120 degrees C] : alpha— 
0.09%/degree-Cbeta= The amount of -0.48% [/degree C ] sintered compact 
content oxygen : Even when 5400 ppm didym metal is used The magnet which 
was excellent in ordinary temperature magnetic properties, an elevated- 
temperature property, and thermal resistance like examples 1 and 2 can be 
obtained. 

[0016] (Example 4) Predetermined carried out weight weighing capacity of Metal 
Nd, Metals Dy, Fe, and Co, ferro-B, ferro-Nb, and the metal Ga, vacuum melting 
of this was carried out, and the ingot with a weight of 10kg each was produced. 
When component analysis of this ingot was performed, they were the following 
presentations in the weight ratio. 

Nda-Dyb-B1.05-Nb0.58-Ga0.20-Co0.20-AI0.33-FebaL(a+b=TRE f b=3.7) (wt%) 
After cracking each ingot with a hammer, coarse grinding in the inside of an inert 
gas ambient atmosphere was further performed using the coarse crusher, and 
coarse powder with a grain size of 500 micrometers or less was obtained. 
Similarly this coarse powder was pulverized in the inert gas ambient atmosphere 
using the jet mill, and fines were obtained. These fines were 3.7 micrometers (F. 
S.S.S.) in mean particle diameter, and the amount of content oxygen was 1500- 
5000 ppm. Next, press forming in a magnetic field of these fines is carried out 
under the conditions of orientation magnetic-field-strength 15kOe and 
compacting pressure 1.5 ton/cm2, and it is the Plastic solid of 30x20x15. It 
produced. This Plastic solid sintered 1070 degree-Cx2hr on condition that the 
vacuum substantially, was first-heat-treated [ of 900 degree-Cx2hr ] to the 
obtained sintered compact, ranked second to it, and performed the second heat 
treatment of 540 degree-Cx2hr. 7.55-7.58g [ cc ] /and the amount of content 
oxygen of the consistency of the obtained sintered compact were 1000-4000 
ppm. The result as measures how maximum energy product (BH) max and 



corrosion weight loss change to a TRE content about this sample and shows it to 
drawing 1 was obtained. Corrosion weight loss is obtained when a magnet is 
exposed for 100 hours into the temperature of 120 degrees C, 90% of humidity, 
and the environment of atmospheric-pressure 1.0atm. As shown in drawing 1 , 
(BH) max can be improved by lessening the amount of TRE(s), but if it is less 
than [ 28wt% ], it becomes easy to generate alpha-Fe in an ingot, and is hard to 
expect increase of (BH) max. It can be made to decrease by lessening the 
amount of corrosion-weight-loss mist beam TRE(s). This is for the Nd-rich phase 
which is easy to corrode by lessening TRE to decrease. However, since 
reduction of coercive force iHc will become remarkable if the amount of content 
oxygen exceeds 6000 ppm also as a low value of 28 - 32wt% for the amount of 
TRE(s), the amount of oxygen is set to 1000-6000 ppm. The oxygen content in a 
sintered magnet and the relation of magnetic properties are shown in drawing 2 . 
[0017] (Example 5) Predetermined carried out weight weighing capacity of Metal 
Nd, Metals Dy, Fe, and Co, ferro-B, ferro-Nb, and the metal Ga, vacuum melting 
of this was carried out, and the ingot with a weight of 10kg each was produced. 
When component analysis of this ingot was performed, they were the following 
presentations in the weight ratio. 

Nd30.5-a-Dya-B1.03-Nb0.59-Gab-Co2.10-aluminum0.34-Febal. (2.8<=a<=8.5, 
0<=b<=1.2) (wt%) 

After cracking each ingot with a hammer, coarse grinding in the inside of an inert 
gas ambient atmosphere was further performed using the coarse crusher, and 
coarse powder with a grain size of 500 micrometers or less was obtained. 
Similarly this coarse powder was pulverized in the inert gas ambient atmosphere 
using the jet mill, and fines were obtained. These fines were 3.8 micrometers (F. 
S.S.S.) in mean particle diameter, and the amount of content oxygen was 5500- 
6400 ppm. Next, press forming in a magnetic field of these fines is carried out 
under the conditions of orientation magnetic-field-strength 15kOe and 
compacting pressure 1.5 ton/cm2, and it is the Plastic solid of 30x20x15. It 
produced. This Plastic solid sintered 1 100 degree-Cx2hr on condition that the 



vacuum substantially, was first-heat-treated [ of 900 degree-Cx2hr ] to the 
obtained sintered compact, ranked second to it, and performed the second heat 
treatment of 580 degree-Cx2hr. 7.55-7.59g [ cc ] /and the amount of content 
oxygen of the consistency of the obtained sintered compact were 5000-5900 
ppm. About these samples, ordinary temperature magnetic properties were 
measured and the result as shown in drawing 3 R> 3, drawing 4 , and drawing 5 
was obtained. Although drawing 3 is the result of measuring as Dy=5.0wt%, less 
than [ 0.05wt% ], Ga content cannot demonstrate effectiveness easily, but since 
the improvement in coercive force iHc is not so much expectable on the other 
hand only by reduction of maximum energy product (BH) max becoming 
remarkable as for more than 1 .0wt%, 0.05 - 1 .0wt% is optimum dose. Since the 
effectiveness of raising coercive force iHc is large, without Ga falling (BH) max 
remarkably as compared with Dy, 0.01 - 1 .0wt% of content becomes 
indispensable in this invention. The result to which Dy content was changed, 
having used Ga content as 0.20wt(s)% at drawing 4 is shown. Although Dy 
content contributes to improvement in iHc greatly, since it reduces (BH) max 
remarkably by one side, 3.6 - 8.0wt% of a content is optimum dose. Although the 
result at the time of changing Ga content to 0 - 0.6wt% by making Dy content into 
a parameter at drawing 5 is shown, if Dy content exceeds 8.0wt(s)%, (BH) max 
will fall remarkably. Moreover, it is hard to acquire the high coercive force which 
exceeds 20kOe as Dy content is less than [ 3.0wt% ]. 

[0018] (Example 6) Predetermined carried out weight weighing capacity of didym 
metal (Nd70wt%-Pr30wt%), Metals Dy, Fe, and Co, ferro-B, ferro-Nb, and the 
metal Ga, vacuum melting of this was carried out, and the ingot with a weight of 
10kg each was produced. When component analysis of this ingot was performed, 
they were the following presentations in the weight ratio. 
(Nd+Pr) 28.1-Dy3.6-B1.03-Nb0.58-Gab -Co2.05-aluminum0.35-Febal. 
(0<=b<=0.6) (wt%) 

After cracking each ingot with a hammer, coarse grinding in the inside of an inert 
gas ambient atmosphere was further performed using the coarse crusher, and 



coarse powder with a grain size of 500 micrometers or less was obtained. 
Similarly this coarse powder was pulverized in the inert gas ambient atmosphere 
using the jet mill, and fines were obtained. These fines were 3.7 micrometers (F. 
S.S.S.) in mean particle diameter, and the amount of content oxygen was 5600 
ppm. Next, press forming in a magnetic field of these fines was carried out under 
the conditions of orientation magnetic-field-strength 15kOe and compacting 
pressure 1 .5 ton/cm2, and the Plastic solid of 30x20x15 was produced. This 
Plastic solid sintered 1080 degree-Cx2.5hr on condition that the vacuum 
substantially, was first-heat-treated [ of 890 degree-Cx2hr ] to the obtained 
sintered compact, ranked second to it, and performed the second heat treatment 
of 530 degree-Cx2hr. 7.55-7.58g [ cc ] /and the amount of content oxygen of the 
consistency of the obtained sintered compact were 2800 ppm. About these 
samples, ordinary temperature magnetic properties were measured and the 
result as shown in drawing 6 was obtained. Since improvement in coercive force 
iHc and Hk is accepted by making Ga contain as shown in drawing 6 , content 
beyond 0.05wt% becomes indispensable, however - although an upper limit is 
1 .0wt(s)% since Hk will fall and the square shape nature of the hysteresis loop 
will fall, if Ga exceeds 0.4wt(s)% ~ desirable - 0.8wt(s)% - more - desirable - 
0.6wt(s)% - it is 0.4wt(s)% still more preferably. 

[0019] (Example 7) Predetermined carried out weight weighing capacity of didym 
metal (Nd70wt%-Pr30wt%), Metals Dy, Fe, and Co, ferro-B, ferro-Nb, and the 
metal Ga, vacuum melting of this was carried out, and the ingot with a weight of 
10kg each was produced. When component analysis of this ingot was performed, 
they were the following presentations in the weight ratio. 
(Nd+Pr) 28.0-Dy4.0-B1.03-Nbx-Ga0.15 -Co2.04-aluminum0.35-Febal. 
(0<= x <=1.0) (wt%) 

After cracking each ingot with a hammer, coarse grinding in the inside of an inert 
gas ambient atmosphere was further performed using the coarse crusher, and 
coarse powder with a grain size of 500 micrometers or less was obtained. 
Similarly this coarse powder was pulverized in the inert gas ambient atmosphere 



using the jet mill, and fines were obtained. These fines were 3.8 micrometers (F. 
S.S.S.) in mean particle diameter, and the amount of content oxygen was 4900 
ppm. Next, press forming in a magnetic field of these fines was carried out under 
the conditions of orientation magnetic-field-strength 15kOe and compacting 
pressure 1.5 ton/cm2, and the Plastic solid of 30x20x15 was produced. This 
Plastic solid sintered 1080 degree-Cx3hr on condition that the vacuum 
substantially, was first-heat-treated [ of 900 degree-Cx2hr ] to the obtained 
sintered compact, ranked second to it, and performed the second heat treatment 
of 530 degree-Cx2hr. 7.55-7. 58g [ cc ] /and the amount of content oxygen of the 
consistency of the obtained sintered compact were 4400 ppm. About these 
samples, ordinary temperature magnetic properties and mean particle diameter 
were measured, and the result as shown in drawing 7 R> 7 was obtained. By 
making Nb contain, as shown in drawing 7 , the grain growth at the time of 
sintering can be controlled, and, as a result, sintered compact mean particle 
diameter can be made small. Moreover, improvement in coercive force iHc is 
expectable with this effectiveness. 2. Since reduction in mean particle diameter 
cannot be expected so much by content beyond 0wt% and the fall of maximum 
energy product (BH) max also becomes large, 0.4 - 2.0wt% of addition is 
optimum dose. 

[0020] (Example 8) Predetermined carried out weight weighing capacity of Metal 
Nd, Metals Dy, Fe, and Co, ferro-B, ferro-Nb, and the metal Ga, vacuum melting 
of this was carried out, and the ingot with a weight of 1 0kg was produced. When 
component analysis of this ingot was performed, they were the following 
presentations in the weight ratio. Nd27.5-Dy4.0-B1.04-Nb0.59-Ga0.19-Coa-Alb- 
Febal.** a=0 b=0 ** a=2.02 b=0 ** a=2.10 b= 0.34 (wt%) 
After cracking each ingot with a hammer, coarse grinding in the inside of an inert 
gas ambient atmosphere was further performed using the coarse crusher, and 
coarse powder with a grain size of 500 micrometers or less was obtained. 
Similarly this coarse powder was pulverized in the inert gas ambient atmosphere 
using the jet mill, and fines were obtained. These fines were 3.8 micrometers (F. 



S.S.S.) in mean particle diameter, and the amount of content oxygen was 6000- 
6400 ppm. Next, press forming in a magnetic field of these fines is carried out 
under the conditions of orientation magnetic-field-strength 15kOe and 
compacting pressure 1.5 ton/cm2, and it is the Plastic solid of 30x20x15. It 
produced. This Plastic solid sintered 1 100 degree-Cx2hr on condition that the 
vacuum substantially, was first-heat-treated [ of 900 degree-Cx2hr ] to the 
obtained sintered compact, ranked second to it, and performed the second heat 
treatment of 500-600 degree-Cx2hr. 7.56-7.59g [ cc ] /and the amount of content 
oxygen of the consistency of the obtained sintered compact were 5400-5900 
ppm. Ordinary temperature magnetic properties were measured about these 
samples, and the result as shown in drawing 8 was obtained. As shown in 
drawing 8 , as compared with a thing Co and aluminum additive-free in what 
added Co independently, the second heat-treatment-temperature dependency 
becomes large. It is difficult to build the product of the property stabilized on 
industrial production with this. Then, if compound addition of Co and the 
aluminum is carried out, as shown in drawing, the second heat-treatment- 
temperature dependency can be made small, and this problem can be avoided. 
Next, nickel plating was performed to the magnet which has the presentation of 
the aforementioned ** (Co additive-free), ** (Co addition), and ** (Co, aluminum 
addition), and the adhesion was evaluated, nickel plating was made into 10 
micrometers of thickness by the electrolytic plating by the Watts bath. It washed 
in cold water after plating processing and the plating adhesion test after 
desiccation was performed for 5 minutes at 100 degrees C. The result is as 
follows and has the plating adhesion excellent in Co add-in material. 
** Quality Adhesion reinforcement (Kgf/cm2) 

** Co additive-free 180 ** (Co addition) 680 ** (Co, aluminum addition) 700 
[0021] 

[Effect of the Invention] As mentioned above, the magnet which has high 
coercive force and a high energy product, and has high thermal resistance and 
high corrosion resistance can be stably obtained by carrying out compound 



addition of Ga, aluminum, and the Nb at a Nd-Fe-Co-B mold sintered magnet, as 
shown in the example, and adding the amount of D(ies) in the proper range. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Maximum energy product (BH) max to the total amount of rare earth 
of a Nd-Fe-Co-B mold sintered magnet, the graph which showed change of 
corrosion weight loss. 

[Drawing 2] Maximum energy product (BH) max to the amount of content oxygen 
of a Nd-Fe-Co-B mold sintered magnet, the graph which showed change of 
coercive force iHc. 

[Drawing 3] Maximum energy product (BH) max to Ga content (0 - 1.2wt%) of a 
Nd-Fe-Co-B mold sintered magnet, the graph which showed change of coercive 
force iHc. 

[Drawing 4] The graph which showed change of maximum energy product (BH) 
max to Ga content of a Nd-Fe-Co-B mold sintered magnet, coercive force iHc, 
and corrosion weight loss. 

[Drawing 5] Maximum energy product (BH) max to Ga content (0 - 0.6wt%) and 



Dy content of a Nd-Fe-Co-B mold sintered magnet to carry out, the graph which 
showed change of coercive force iHc. 

[Drawing 6] The graph which showed change of maximum energy product (BH) 
max to Ga content (0 - 0.6wt%) of a Nd-Fe-Co-B mold sintered magnet, coercive 
force iHc, and square shape nature. 

[Drawing 7] The diameter of sintered compact average crystal grain to Nb 
content of a Nd-Fe-Co-B mold sintered magnet, the graph which showed change 
of maximum energy product (BH) max. 

[Drawing 8] The graph which showed Co of a Nd-Fe-Co-B mold sintered magnet, 
and change of the second heat-treatment-temperature dependency by aluminum 
addition. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2 **** S h OWS the word which can not be translated. 

3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 3] 
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[Drawing 7] 




[Drawing 4] 




Oym t twt*> 



[Drawing 5] 



Nd(30.5-a)-Dya-B1.<B-Nb0.59-Gat> 

-Co2.10-A 10.34-Fetal. (wtW 




OJ 0.2 0.3 OA 0.5 0.6 
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